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Introduction
Allyl isothiocyanate (AIT), a main flavoring constituent of wasabi and mustard, is a component of essential oil with strong antimicrobial activity.
However, little headway had been made until now in its practical use as an antibacterial agent owing to its high volatility and irritant effect, because of which it requires careful handling.
The control of vapor emission through the design of a special preparation of allyl isothiocyanate is thus essential to facilitate the industrial utilization of its antimicrobial activity.
The authors are currently engaged in research aimed at exploiting the antimicrobial activity1)-3) exhibited by AIT in its gaseous state for industrial purposes.
Determination of the substance's basic physical properties is indispensable in order to arrive at a preparation of the substance which could have practical applications.
There have been some presentations of data on the physical properties of AIT, such as those in the Japanese Food Additive Standards4) and a report by Kawagishi5), but a comprehensive compilation of such data appears to be unavailable. The physical properties of AIT were therefore examined in this study, with special reference to its vapor pressure and stability.
Since, in the case of application of AIT for antibacterial or antimicrobial purposes, the Japanese Food Sanitation Act requires its use in the form of a natural product in which it is contained, an essential oil extracted from mustard was used as the main material in the authors' investigations.
However, since the AIT content of mustard extract obtained by normal steam distillation is over 90%6), and since the physical properties of this distillate are similar to those of the essential oil mentioned above, pure AIT was used for the present purpose.
Materials and Methods
Test Material
AIT (special grade) supplied by Nakarai Tesque, purity 99.9%; ODO supplied by Nisshin Seiyu Co., Ltd.
Reagents
All reagents used were special-grade commercial products.
Instruments
Gas chromatograph (GC): Shimadzu Seisakusho, Model GC14A 4. Measurement of vapor pressure 4.1 Change in vapor pressure according to relative humidity On the assumption that AIT would be used largely for the treatment of foodstuffs with a high level of water activity, investigation was made of whether there was a difference in vapor pressure at high and at low humidity levels. Experimental humidity levels were set at 0 and 80% for reasons connected with the accuracy of experimental apparatus.
Vapor pressure was measured using the transpiration method. ca. 3 ml of AIT was dispensed into the receptacle of the transpiration measurement device. Dry nitrogen gas or nitrogen gas of 80% relative humidity was introduced into the receptacle at a constant flow rate and AIT vapor was guided into a trap cooled with liquid nitrogen. The trap was removed after a fixed period of time and the liquefied AIT was diluted homogeneously with 2ml of acetone. This test solution was analyzed by GC and the volume of AIT trapped was determined using a calibration curve prepared beforehand.
Measurement was performed three times at 0% relative humidity and twice at 80%.
Change in vapor pressure after dilution with oil
Because of its extremely high levels of volatility and irritancy, a method of controlling the vapor pressure of AIT is necessary in order to arrive at a viable preparation.
Because of its molecular structure AIT is fat-soluble and dissolves readily in fatty oils. For this reason the diluent ODO, a compound which has an especially high oxidation stability for a non-volatile oil, was chosen for this experiment.
Test solutions were prepared with AIT concentrations of 20% and 50%. The vapor pressure of the solutions was measured at 23C using the static method (equilibrium vapor pressure measurement). The same measurement was also carried out on undiluted AIT. Measurement was performed once in each case.
Stability of AIT 5.1 Stability under various storage conditions
Eighteen thick-walled 5ml ampules each containing 1g of AIT were divided into six groups of three and a record made of appearance, smell and AIT content immediately after preparation and after 1, 3, 6, and 12 months of storage, each group being held under one of the following six sets of conditions: (1) 4C (2) 25C (3) 60C (4) 60C, nitrogen replacement (5) room temperature, sunlight (6) room temperature, sunlight, nitrogen replacement.
AIT content was determined by GC using the following equipment:
detector: FID column: glass, inner diameter 3mm, length 2.6m, 20% polyethylene glycol 20 M/Chromosorb (6080 mesh) column temperature: 160C injector temperature: 200C detector temperature: 200C mobile phase: nitrogen (60ml/min) 5.2 Stability in alcohol AIT displays excellent solubility in alcohol and the latter itself has a sterilizing action. These circumstances prompted an investigation into the stability of a mixture of AIT and ethanol: 0.5ml each of AIT and ethanol were mixed thoroughly in sealed bottles and stored for two weeks at 4, 28 or 40C (n=1 each). AIT content was measured by GC after one day and again after two weeks of storage. The sample stored at 4C was kept in storage until the sixth month, when its composition was analyzed by GC/MS. The vapor pressure of AIT at relative humidities of 0 and 80% were approximately the same at 3.4 (average of three measurements) and 3.5 mmHg (average of two measurements), respectively. This was considered to be attributable to its very low solubility in water7) and suggests that the evaporation behavior of AIT is not affected even by high humidity levels which would encourage proliferation of microorganisms. This knowledge is important for designing usable preparations of AIT.
Change in vapor pressure of AIT diluted with oil
The results of pressure measurement are shown in Fig. 1 . Vapor pressure of AIT diluted with ODO formed a convex curve with a steep increase at the low AIT concentration end. The molecular weight of AIT is approximately 100 and that of ODO is approximately 470. It was therefore expected that vapor pressure would be linearly related to the molar fraction of AIT, conforming to Raoult's law, which states that the vapor pressure of a volatile solvent in which a non-volatile solute is dissolved is proportional to the molar fraction of the former.
Dilution of AIT, which because of its molecular structure is highly fat-soluble and very readily dissolved in fatty oil, with ODO, which has an especially high oxidation stability for a fatty oil, appeared useful for control of the former's vapor pressure.
Stability of AIT 2.1 Stability under various storage conditions
Results of measurement are shown in Table 1 . Observations on smell and appearance are based on the uniform tendency within each group of samples while measurements of residual AIT (i.e. the proportion of a given initial amount remaining present after a given time) are based on the average of the three samples in each group.
When stored at 60°C without replacement of nitrogen, residual AIT decreased to less than 90% after one year. When stored under the other conditions, residual levels of more than 90% were recorded in spite of some changes in appearance.
In studies by Kawagishi and Mitsuo5),8), approximately 25% of AIT stored in an aqueous solution was found to have decomposed in only 10 days. AIT itself, however, was found to have a relatively high stability.
Comparisons between samples (3) and (4) and between samples (5) and (6) seemed to suggest that development of turbidity could be avoided by replacement of the head space gas with nitrogen.
The turbid substance produced was thought to be a degradation product or a polymer resulting from oxidation of AIT. These findings suggest that nitrogen replacement and low temperature storage after degassing would be desirable during production of a practically useful preparation of AIT.
2.2 Stability in alcohol Table 2 shows the results of a stability test on Table  3 . The results show that the rate of AIT decomposition increased markedly at temperatures between 170 and 180C. This finding led to the conclusion that admixture with plastic resins and other forms of processing involving exposure to high temperatures are impracticable in the case of AIT. 
